A series of measurements have been performed to determine the emittance of the high intensity, single bunch beam that is to be injected into the Stanford Linear Collider. Online computer programs were used to control the Linac for the purpose of data acquisition and to fit the data to a model in order to deduce the beam emittance. This paper will describe the method of emittance calculation and present some of the measurement results.
TRANSPORT calculations to determine the strengths of injector quadrupoles required for efficient matching of the CID beam into the SLC FODO array. In addition to lattice calculations, a determination of the emittance of the CID beam is of interest as a figure of merit for CID injector operation. A brief description of the philosophy behind the measurements, the experimental apparatus used to gather the data, and the user interface to the measurement controlling software is given, followed by detailed renditions of the mathematics used in the emittance calculations. TRANSPORT notation is used unless otherwise stated; X is used to denote the horizontal direction and Y indicates the vertical.
The basic idea of the emittance measurement is to determine the horizontal and vertical beam size a1/2 and a1/2 as ã 33 function of the strength(s) of an upstream quadrupole(s). Assuming no X-Y coupling, knowledge of the beam size in X or Y at a particular location in the beamline for three different quadrupole strengths is sufficient to calculate the beam matrix anywhere along the beamline. In practice, more than three independent measurements are acquired and a linear least squares fit to the data is done to deduce the sigma matrix elements. The assumption of negligible X-Y coupling is valid if the beam was round when transversing rotating elements such as solenoids; this is thought to be true for the CID region.
Beam width data is collected using a 32 X 32 array of photodiodes to measure the spatial intensity profile of visible radiation generated when the beam intercepts a fluorescent screen placed in the beamline. (8b) with the Rij being the ij elements of the TRANSPORT matrix describing the Linac lattice between the initial upstream location and the profile monitor. In the remainder of this discussion, only those equations pertaining to the X-plane are shown explicitly. Analogous expressions for the Y-plane have been included in the on-line system. The equations for the vertical plane may be written by inspection of those given for X by: (1) changing "X" to "Y"; (2) changing subscripts "1" to "3"; and (3) changing subscripts "2" to "4". Given the Ajj's, the U9's are determined using a weighted least squares fit: From the calculated°, the X-plane emittance is given as
The error in the determination of sz is taken to be the standard deviation of c, and is given as ERROR (e:) = ((U?)2B33 + (oj)2B1 -4(02) B22
in which the Bij are the ij elements of the covariance matrix,
in which M is the number of measurements of a. The weight Figure 2 illustrates a "typical" gaussian fit to the horizontal beam size data. The "dots" represent the subtracted and scaled data; each point represents the summation of diode signals over the vertical direction. In Fig. 2 , the calculated sample standard deviation of the itiaegrated data is 0.81 mm; the fitted gaussian has a standard deviation of 0.71 mm. 
